Abstract Vulnerability assessments can play a vital role in the design of appropriate adaptation and mitigation policies targeted towards climate change and its impacts on ecosystems, and those who depend upon these resources for their livelihoods and well-being. Vulnerability is often reflected in the state of the economic system as well as the socio-economic features of the population living in that system. The current paper attempts to build a picture of the socio-economic context of vulnerability by focusing on indicators that measure both the state of development of the people as well as its capacity to progress further. The result of agricultural vulnerability index suggests indicators like cropping intensity, gross irrigated area and commercial crop area that are the major drivers in determining the vulnerability of districts of Karnataka. The socio-economic index depicts indicators like per capita income, population density and percentage of literacy rate that are the major drivers and contribute to the overall livelihood vulnerability of districts.
Introduction
Vulnerability to natural hazards varies widely across communities, sectors and regions. The socio-economic vulnerability is determined by the internal structure of any social system that decides sensitivity of societies and communities to the incidence of hazards. The internal structure also helps to cope with damages from external shocks. It poses the important research question as to why there are different levels of vulnerability within a particular society, even in the context of similar hazards. The possible answer may be that the individuals and groups differ in terms of equality, entitlement capacity, institutions, political and cultural aspects that are responsible factors for the differential vulnerability. For example, marginalized communities are forced to live in susceptible regions that exposes them to floods/droughts and different diseases as compared to other people.
Vulnerability
A growing body of literature over the past two decades has identified climate change as the prime issue to global environmental degradation, and has analyzed the associated vulnerability and biodiversity loss (IPCC 2007) . According to Fussel (2007) , climate related vulnerability assessments are based on the characteristics of the vulnerable system spanning over physical, economic and social factors. The Intergovernmental Panel on Climate Change (IPCC), in its Second Assessment Report (IPCC 1996) , defines vulnerability as "the extent to which climate change may damage or harm a system." It adds that vulnerability "depends not only on a system's sensitivity, but also on its ability to adapt to new climatic conditions"; and vulnerability depends on the level of economic development and institutions. Watson et al. (1996) argued that socio-economic systems "typically are more vulnerable in developing countries where economic and institutional circumstances are less favourable". In addition, social scientists tend to view vulnerability as representing the set of socio-economic factors that determine people's ability to cope with stress or change (Allen 2003) while climate scientists often view vulnerability in terms of the likelihood of occurrence and impacts of weather and climate related events (Nicholls et al. 1999) .
IPCC defines vulnerability in terms of systems as "the degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, including climate variability and extremes" (IPCC 2007) . Vulnerability is a function of the character, magnitude and rate of climate variation to which a system is exposed, its sensitivity and its adaptive capacity (IPCC 2007) .
It is well understood that poor people in the poorest countries are the most vulnerable to the impacts of anthropogenic climate change (Stern et al. 2006) . The poor are adversely impacted by climate change because they live in heavily impacted countries and locations within those countries; depend on natural resource-based livelihoods that are disproportionately affected by climate change; and have the weakest ability to adapt to the impacts. Small and marginal farmers are more vulnerable to both the current and future climate change impacts given their high dependence on agriculture, strong reliance on ecosystem and rapid population growth.
Vulnerability assessments can play a vital role in the design of appropriate adaptation and mitigation policies targeted towards climate change and its impacts on ecosystems, and those who depend upon these resources for their livelihoods and well-being. Every human community in the globe has a tendency to become adversely affected by the changes in climate, regardless of the communities' contribution to that change. This tendency is simply known as vulnerability of that particular community to climate change impacts. Agricultural and social vulnerability explicitly focuses on those agricultural, demographic and socio-economic factors that increase or attenuate the impacts of hazard events on local populations.
People who live in arid or semi-arid regions, in low-lying coastal areas, in water limited or flood-prone areas, or on small islands are particularly vulnerable to climate change (Watson et al. 1996) . It is clear that climate change will, in many parts of the world, adversely affect socio-economic sectors, including water resources, agriculture, forestry, fisheries and human settlements, ecological systems and human health with developing countries being the most vulnerable (IPCC 2001) . Developing countries have lesser capacity to adapt and are more vulnerable to climate change damages, just as they are to other stresses. This condition is most extreme among the poorest people (IPCC 2001) .
There is an increasing need to develop indicators of vulnerability and of adaptive capacity both to determine the robustness of response strategies over time and to understand better the underlying processes (Adger et al. 2004) . At the district level, vulnerability assessments contribute to setting development priorities and monitoring progress. Sectoral assessments provide details and targets for strategic development plans. In Karnataka, agricultural farmers and agricultural labourers form 56 % of the total workforce (Government of Karnataka 2005) and this is considered as one of the driving forces in determining the socio-economic vulnerabilities of communities in Karnataka. In the present context, a district-wise socio-economic and agricultural vulnerability profile of Karnataka was developed.
Objectives, Method and Data
The key objectives of this assessment are: (a) To assess vulnerability of agricultural sector across the districts of Karnataka; (b) To estimate the socio-economic vulnerability of the districts of Karnataka.
The data pertaining to various socio-economic and agricultural indicators were collected and compiled from different sources such as Census of India (2011) and Statistical Abstracts of Karnataka (Directorate of Economics and Statistics), 2008-09, 2009-10 and 2010-11 . To understand the agricultural and socio-economic profile, the study analyses important indicators across the districts of Karnataka. This has been done by consultation with experts and based on previous studies (Table 1) .
Vulnerability to climate change is a comprehensive process affected by a large number of indicators. However, it is not possible to consider all the available indicators, so only the most significant and representative indicators relevant to Karnataka state were selected in the development of vulnerability indices. Indicators considered in this study are
• Agricultural indicators: Net sown area (3 years average), cropping intensity, area under commercial crops to the total cropped area (TCA), percentage irrigated area to TCA (3 years average), number of tractors/1000 ha area sown, total fallow land (3 years average) and agricultural credit cooperative societies/lakh population.
• Socio-economic indicators: Population density, percentage population of scheduled caste (SC) and scheduled tribe (ST), literacy rate, percentage of marginal landholder (<1 ha), percentage of non-workers, livestock units per lakh population, per capita income (3 years average), cropping intensity and percentage irrigated area to TCA (3 years average).
Agricultural Vulnerability Index

Net Sown Area
Agricultural activities play a dominant role in shaping the livelihood across the districts of Karnataka. Net sown area is an important indicator of agricultural development in a district. The net sown area refers to the particular area sown once during an agriculture year. In the present study we have incorporated a 3-year average of the net sown area. Districts from northern Karnataka have more net sown area than the southern districts of Karnataka. The districts of Gulbarga and Gadag have the highest net sown area of 87.04 and 83.26 %, respectively. The districts of Uttara Kannada and Shimoga have the least net sown area of 11.04 and 26.21 %, respectively. Figure 1 presents district-wise percentage of net sown area to the total geographical area districts with high net sown area are above the median value and districts with low net sown area are below the median value.
Commercial Crops
Commercial crops are high value crops which are of crucial importance to the economy of a district. It was observed that in Karnataka state, over the years, cultivation of commercial crops has increased. The economic value for commercial presents the percentage of area under commercial crops to TCA across the districts of Karnataka (Fig. 3 ).
Cropping Intensity
Cropping intensity refers to cultivation of more than one crop in the same field during the same agricultural year. Higher the cropping intensity essentially means more number of crops cultivated in a year. Normally, districts with more irrigation water availability have higher cropping intensities. In addition, mechanization of farmlands has also had considerable effects on increasing cropping intensities. Dharwad district was observed to have the highest cropping intensity of 164.74 % followed by Mysore with 162.33 %. Districts like Bellary, Raichur and Koppal were also found to have good cropping intensities. The government has encouraged farmers to adopt water conservation methods and has focused on developing irrigation provisioning facilities in these regions thereby leading to increased cropping intensities in these districts.
Gross Irrigated Area
Irrigation water availability is essential for climate resilient agricultural production. In Karnataka, a large portion of area is under rainfed agriculture. Karnataka is one of the states with less irrigated area in the country, i.e. 32 % of gross irrigated area to TCA (Ministry of Agriculture, GoI, 2010-11) . Among the different districts, Shimoga has the highest area of about 62 % of its TCA under irrigation and the , 2010-11) least in the state is in Kodagu district (2.34 %). In the northern region of Karnataka, Belgaum district has 48.9 % of TCA under irrigation and in southern Karnataka, the district of Mandya has 57.52 % area under irrigation, which is the second highest in the state. The districts of northern Karnataka namely Bagalkot, Bellary, Yadgiri, Raichur, Koppal and Bijapur have significant area under irrigation after Belgaum. Bidar district has the least area under irrigation in the northern region (12.77 %). The existing major reservoirs in the northern regions have the potential to bring additional area under irrigation. Figure 4 presents the percentage of irrigated area to TCA across the districts of Karnataka.
Fallow Land
Agricultural development is dependent on proper utilization of available land resources. Fallow land refers to the cultivable area which has not been cultivated for a period of time. The districts, where large areas have been left fallow, can be considered as districts where there is underutilization of land resources. Raichur has the highest percentage of fallow land to its total geographical area. It has about 26.46 % of its geographical area under fallow land, followed by Yadgiri with 17.04 % of area under fallow land. The districts of Uttara Kannada and Kodagu have only 1.89 and 2.08 % of area under fallow land, respectively, the least in the state. In northern Karnataka, the districts of Haveri and Gadag also have less area under fallow land, about 3.37 and 4.16 %, respectively. 
Agricultural Credit Cooperative Societies
The role of institutions providing financial support to farmers is extremely important for sustainable agricultural production, as it ensures supply of agricultural credit and funds during the different stages of crop production and has the potential to deliver goods and services. Agricultural finance is a critical factor that impacts the development of agricultural activities in the state. The agricultural cooperative societies are considered, as the grass root financial institutions for the farming communities and provide credit to cultivars in time. At the state level, Belgaum district has the highest number of agricultural cooperative societies/lakh population, where it has 16 cooperatives. Likewise in southern Karnataka, Mandya district also has many cooperative societies per lakh population-about 13 agricultural cooperatives. The districts of Udupi and Dakshin Kannada have only 4 and 5 cooperatives per lakh population, respectively, which is the least in the state. Figure 6 represents the number of agricultural credit cooperative societies per lakh population across the districts of Karnataka. 5 Socio-economic Vulnerability Index
Population Density
Higher the population density, higher will be the dependency on finite resources. Further, higher density of population could also potentially trigger environmental and health problems (Hiremath and Shiyani 2013) . The density of population in Mysore district is highest among all the districts in the state (476 persons/km 2 ). The lowest population density in the state of about 135 persons/km 2 is in Kodagu district. In the northern districts, the main reason for migration is severe drought occurrence for consecutive years. Figure 7 gives the details of population density across the districts of Karnataka.
SC and ST Population
The social class of SC and ST are considered as the deprived section of the society (Karade 2008) Chamrajnagar and Kodagu too have high percentage of ST population. Total of SC and ST is highest in Chitradurg district while the percentage is lowest in Uttara Kannada (Fig. 8 ).
Literacy Rate
Higher literacy rates could enable communities to diversify their employment and income sources, enhancing standards of living and increasing their resilience towards any kind of shock and stress. This is due to the fact that higher the literacy rate, higher the adaptive capacity, higher the appropriation of opportunities and higher the awareness to face any pressure. Figure 9 shows the literacy rates across the districts of Karnataka. 
Marginal Landholders
The size of landholdings is an important indicator for overall agricultural and socio-economic development. In Karnataka, majority of the farmers belong to the marginal landholdings category; Udupi district has the highest percentage (79.8 %) of marginal landholders (Fig. 10) . Mandya, Ramanagara, Dakshin Kannada and Bangalore Urban districts also have significant percentage of marginal landholders. The size of landholding is greater in the northern districts as compared to the southern districts of Karnataka.
Non-workers
Higher the percentage of non-workers, higher will be the dependency rate. Higher dependency rate suggests the district is more vulnerable. This is due to the fact that the number of persons having income source is less. The district of Bidar has 58.75 % of non-workers, and is the highest in the state (Fig. 11) . Other districts like Gulbarga, Uttara Kannada, Bijapur, Bagalkot, Mysore, Shimoga and Udupi also have a high percentage of non-workers. Figure 11 shows the percentage of non-workers across the districts of Karnataka.
Livestock Units
Livestock practices are considered as an important source of livelihood for rural communities. Agriculture and livestock are an integral part of the farmers' community. Livestock provides enormous opportunities to farmers to support their sustainable livelihood. The livestock units per lakh population is highest 58,431 in Yadgiri district and the lowest in Bangalore Urban district (1693) (Fig. 12) . Districts like Belgaum, Tumkur and Chitradurg have higher numbers of livestock in absolute terms, however, the livestock units per lakh population is considered, Yadgiri ranks first. The southern districts of Karnataka are dominated by cross-breed cattle, since dairy development has taken place as a major source of economic activity in these districts. The central and northern Karnataka districts are dominated by sheep and goat. The districts of Dharwad, Bijapur, Bagalkot and Belgaum have more number of buffaloes.
Per Capita Income
One of the factors affecting the standard of living of people is per capita income. Higher the average per capita income, lesser is the levels of economic vulnerability. Figure 13 gives the details of per capita income (average of 3 years: 2008-09, 2009-10 and 2010-11) across the districts of Karnataka. Table 2 presents all the districts of Karnataka, grouped into high and low incidence, indicating higher than the median value and lower than the median value, respectively, for all the indicators considered for assessment of livelihood and agricultural vulnerability. 
Percentage of Non Workers
Approach to Vulnerability Assessment
Vulnerability is often reflected in the state of the economic system as well as the socio-economic features of the population living in that system. The current section of the report attempts to build a picture of the socio-economic context of vulnerability by focusing on indicators that measure both the state of development of the people as well as its capacity to progress further. In addition, attempt has been made to construct a vulnerability index for each district of Karnataka and rank them in terms of their performance on the index. The index attempts to capture the comprehensive scale of vulnerability by considering some of the key indicators (that serve as proxies) for the assessment (Table 3) . There is consensus among researchers to address vulnerability issues at the regional level (Hiremath and Shiyani 2013) . Therefore districts have been taken as a unit for developing vulnerability indices. In the next step we have selected important indicators for the vulnerability assessment. After the selection of indicators, data pertinent to the selected indicators were compiled (Table 3 ). In the next step, a Principal component analysis (PCA) was conducted to identify variability among the selected variables and finally vulnerability indices were developed. Figure 14 presents the details of the method adopted for assessment of vulnerability across the districts of Karnataka.
Principal Component Analysis (PCA)
A PCA was conducted to identify the variability among selected variables (indicators) for this study. PCA is a data reduction methodology that identifies smaller number of components that explains most of the variance observed in the larger data set. The goal is to arrive at a minimum number of components that will adequately account for the covariation among the larger number of analysis variables. PCA is a tool that converts a number of potentially correlated variables into a set of uncorrelated variables that capture the variability in the underlying data. It is a statistical method that thus transforms a given data set to a smaller number of uncorrelated variables called principal components (PCs). The first PC accounts for a large share of variability in the data, and each succeeding component accounts for as much of the remaining variability as possible. PCA approach provides several potential advantages in the aggregation of spatially explicit, potentially incommensurable variables. When the original variables are correlated then the higher order PCs will capture more of the total variability in the data than any individual original variable. Excluding the lower order PCs reduces the dimensionality (number of variables) of the data while minimizing the loss of information (Smith 2002) . PCA thus helps reduce from a large number of individual indicators to a small number of composite, unitless indices (PCs) while reducing the trade-off between richness of information and communicability. Percentage of SC and ST population They are among the poor and vulnerable (both socially and economically) 3
Literacy rate Higher the literacy rate, higher the adaptation capacity, higher the appropriation of opportunities and higher the awareness to face any shock and stress 4
Percentage of marginal land holders (<1 ha)
Higher the proportion of marginal farmers, lesser the production and income and thus higher the vulnerability 5
Percentage of non-workers More unemployment, more dependency, lower will be the earning capacity and income as compared to expenditure and thus higher vulnerability 6
Livestock units per lakh population Animal husbandry is an important source of livelihood for rural communities. Livestock provides alternate sources of income to farmers, thus supporting their sustainable livelihood 7
Per capita income (3 years average) Higher per capita, higher standard of living 8
Cropping intensity Higher cropping intensity means that a higher portion of the net area is being cropped more than once during one agricultural year. Higher cropping intensity, greater is the efficiency of land use 9
Percentage irrigated area to total cropped area (3 years average)
Irrigation protects crop production in the light of climate variations and extremes like drought 10
Total area under fruit crops Alternative source of farm based income Agriculture 1 Net sown area (3 years average) Represents the total area sown with crops 2
Cropping intensity Higher cropping intensity means that a higher portion of the net area is being cropped more than once during one agricultural year. Higher cropping intensity, greater is the efficiency of land use 3
Percentage of area under commercial crops to TCA Higher the area under commercial crops, lesser vulnerability (market linkage) High value cash crops represent one potential avenue of crop intensification 4
Percentage of irrigated area to TCA (3 years average)
Irrigation has the potential to provide higher yields than rainfed agriculture and reduce the insecurity of crop production (continued)
PCA helped with generation of the weights, based on the assumption that there are common factors that explain the variance in the vulnerability. Varimax rotation was performed on the results of the PCA to maximize the variance accounted by the first component. Only components with Eigen values >1 were included in the analysis. % fallow land as proportion of total graphical area (3 years average)
Higher fallow land means more non utilization of resources 7
No. of agricultural cooperative credit societies/lakh population It is a grass roots financial institution and provides credit to farmers in times of need, securing crop production Above indicators have been selected based on consultation with experts, and studies reported (Hiremath and Shiyani 2013; Khan and Salman 2012; Swain and Swain 2011; ICRISAT 2009) (Tables 4 and 5 ). These two PCA results explain 72 and 67 % of the total variation in the two data sets.
There is subjectivity in assigning weights to indicators in vulnerability assessments. In order to overcome this problem, we employed the PCA technique through which we reduced the number of variables and also obtained weights (Eigen values) for the PCs. In the present study, weights are not therefore arbitrarily assigned but determined endogenously from the data matrix. The weights of the PCs are the corresponding Eigen values (Tables 6 and 7; Figs. 15 and 16) . , 2008-09, 2009-10 and 2010-11 Note Bangalore (U) is not included in the construction of vulnerability index. This is due to the fact that Bangalore (U) is the capital city of Karnataka and since last one decade agricultural activities have been reduced rapidly. It was observed that in some districts of Western Ghats region, agricultural indicators are performing very poor and also affecting index values of other districts while constructing vulnerability index. Therefore, we consider Bangalore (U), Uttara Kannada, Dakshin Kannada and Udupi as outlier districts and excluded from agricultural vulnerability index analysis Composite Index = E1 * fact1 + E2 * fact2 + E3 * fact3/E1 + E2 + E3 Weight 1 = E1/E1 + E2 + E3, Weight 2 = E2/E1 + E2 + E3, Weight 3 = E3/E1 + E2 + E3 Weight for Factor 1 = 0.434059, Weight for Factor 2 = 0.310099 and Weight for Factor 3 = 0.255842 , 2008 -09, 2009 -10 and 2010 -11 and Livestock Census 2007 Note Composite Index = E1 * fact1 + E2 * fact2 + E3 * fact3/E1 + E2 + E3 Weight 1 = E1/E1 + E2 + E3, Weight 2 = E2/E1 + E2 + E3, Weight 3 = E3/E1 + E2 + E3 Weight for Factor 1 = 0.528276, Weight for Factor 2 = 0.27304 and Weight for Factor 3 = 0.198683 7 Agricultural Vulnerability Index for the Districts of Karnataka
In the present study, 7 indicators were considered for the development of agricultural vulnerability index (Table 3) . Based on PCA, agricultural vulnerability index values for all the districts of Karnataka are given in Table 6 . Rank 1 indicates maximum vulnerability and the vulnerability decreases with increasing rank. Table 8 gives the details of significance of variables that explain variation in each component.
• The rotated factor analysis generated 3 components which account for approximately 72 % of the total cumulative variance in agricultural vulnerability.
• In component 1, 26 % of variation is explained by 3 variables, namely, % of gross area irrigated, cropping intensity and % of commercial crops to TCA. • In component 2, 24 % of variation is explained by 2 variables, namely, % of NSA to total geographical area and number of tractors/1000 ha area sown.
• In component 3, 22 % of variation is explained by 2 variables, i.e. % of fallow land to total geographical area, and agricultural cooperative societies/lakh population.
Socio-economic Vulnerability Index for the Districts of Karnataka
For development of the socio-economic vulnerability index, 10 important indicators described in Table 3 were considered. As agriculture is a dominant livelihood activity, a few agricultural indicators have also been included in the development of this index. In Table 7 rank 1 indicates maximum vulnerable district and vulnerability decreases with increasing rank. PCA shows that Yadgiri, Chitradurg, Raichur, Chamrajnagar and Chikkaballapura are the top five socio-economically vulnerable districts. Bangalore (U), Dakshin Kannada, Udupi, Dharwad and Uttara Kannada are the least socio-economically vulnerable districts of Karnataka. Figure 18 depicts the socio-economically vulnerable districts of Karnataka, with red and green coloured areas representing most and least vulnerable districts, respectively. Table 9 gives the details of significance of variables that explain variation in each component.
• The rotated factor analysis generated 3 components which account for approximately 67 % of the total cumulative variance in socio-economic and livelihood vulnerability. • Factor 1 that accounts for the largest variance (about 31 %) includes population density, percentage of literacy rate, livestock unit/lakh population and per capita income.
• In component 2, 20 % variation is explained by 3 variables, namely, percentage of SC and ST population, percentage of marginal land holders and total area under fruit crops.
• In factor 3, 16 % of variation is explained by 3 variables, namely, percentage of non-workers, cropping intensity and percentage of irrigated area. 
Discussion and Drivers of Vulnerability
Karnataka state is one of the fastest growing economies in India. Agriculture in Karnataka is predominantly rainfed. In the present study, two vulnerability indices were developed at the district level of Karnataka state, i.e. agricultural vulnerability index and socio-economic vulnerability index, considering all the 30 districts of Karnataka for the analysis. In order to derive these indices, a PCA was run on a data set of 10 carefully selected indicator variables to represent socio-economic vulnerability and 7 indicators for agricultural vulnerability across the districts of Karnataka. The PCA generated three components for each index that broadly represented the underlying themes of agriculture and socio-economic vulnerability present in the larger data set. The findings suggest
• Agricultural vulnerability -Kolar, Ramanagara, Chikkaballapura and Bangalore (R) are the most agriculturally vulnerable districts of Karnataka. -Belgaum, Haveri and Gadag are the least agriculturally vulnerable districts.
• Socio-economic and livelihood vulnerability -Yadgiri, Chitradurg, Raichur, Chamrajnagar and Chikkaballapura districts are the most vulnerable among all districts of Karnataka. -Bangalore (U), Dakshin Kannada, Udupi, Dharwad and Uttara Kannada are the least vulnerable districts of Karnataka.
The result of agricultural vulnerability index suggests indicators like cropping intensity, gross area irrigated and commercial crop area are the major drivers in 
